This study examined the relationships between forest management planning units and patches formed by forest habitat components. The test area used was a part of Koli National Park in North Karelia, eastern Finland. Forest management planning units (i.e. forest compartments) were defined by using a traditional method of Finnish forestry which applies aerial photographs and compartmentwise field inventory. Patches of forest habitat components were divided according to subjective rules by using a chosen set of variables depicting the edaphic features and vegetation of a forest habitat. The spatial distribution of the habitat components was estimated with the kriging-interpolation based on systematically located sample plots. The comparisons of the two patch mosaics were made by using the standard tools of GIS.
Introduction
It is evident that forestry and forest management planning needs today a more ecologically oriented approach (Uuttera and Kangas 1995) . In Finland, a great amount of effort has recently been put into development of new instructions for forestry practices, which would take the preservation of forest biodiversity into account (e.g. Luonnonläheinen metsänhoito 1994). In addition to practical forestry operations, biodiversity preservation should also be taken into account as an objective in forest management planning calculations. To accomplish this task the division of forest management planning calculation units should be tailored to meet the needs of the management objective (Store 1996) .
In the present situation the basic unit for forest management planning calculations is a forest compartment (Kangas and Pukkala 1996) . The forest compartment division aims to divide forests into homogenous units in regard to wood production. The criteria for the division are forest site productivity, tree species composition, and the density and stage of the development of the stand. To achieve the objective of biodiversity preservation in forest management planning the forest compartments should be divided, not only in regard to wood production, but also in regard to processes and structures maintaining forest biodiversity at landscape level (e.g. Angelstam 1992 , Franklin 1993 . When considering maintenance of biodiversity in any given boreal landscape, disturbance becomes a central mechanism. This is because many forest organisms are connected to mosaic of habitats determined by disturbances and the following vegetation succession (e.g. Attiwill 1994 , Huston 1994 .
The natural disturbance regime of boreal forests is determined to a large extend by macroclimate and edaphic factors, i.e. the geocomponent of a forest habitat (e.g. Zackrisson 1977) . Within the timescale of operative forest management planning, a geocomponent of a forest habitat can be considered permanent. The variation of a geocomponent within a forest area is the basis for habitat diversity (Fig. 1) . However, the frequency and intensity of disturbances is also affected by the age of the stand due to, for example, the accumulation of unburned biomass (Romme and Despair 1989) .
Every stage of forest succession following the disturbance is floristically and faunistically distinctive, and the landscape pattern of different succession stages enhance the distribution and abundance of forest species (Forman and don 1986, Haila et al. 1987 , Angelstam 1992 . Within a shifting mosaic of a forest landscape, the biocomponent of a forest ecosystem ( Fig. 1) , i.e. the structural and associate flora and fauna (Huston 1994) , change constantly. Ecosystem processes like regeneration, growth, and mortality, caused by disturbances of abiotic or biotic nature in different spatial scales, change the composition of a biocomponent (Kuusela 1990 , Kuuluvainen 1994 . The variation of the biocomponent of a forest ecosystem, particularly the diversity of structural species (Huston 1994) , should specify the forest habitat division, determined by the properties of the geocomponent (Fig. 1) . In boreal conditions the habitat structure forming structural species are tree species (Sukatsev 1960 , Huston 1994 . A set of variables depicting the variation in the properties of the geo-and biocomponent of a forest habitat can be defined to a certain extent (Uuttera and Kangas 1995) . A geocomponent can be described by variables depicting the productivity of the site. In the traditional 'wood production oriented' forest management in Finland, the Cajanderian site classification (Cajander 1926) , based on plants and plant communities, is used as operational indicator of site fertility. The Cajanderian system has, however, been recently criticised (Kuusipalo 1985 , Tonteri et al. 1990 , Nieppola 1993 . The system does not take enough into account for example topography of the site, the tree stock composition and coverage, and interactions between tree layer and properties of the soil. Therefore, the Cajanderian classification should be specified with variables such as topography, soil texture and acidity of the raw humus of the site, which all affect the productivity, and therefore also biodiversity of the site.
In addition to factors like tree species composition and density of the forest stock, which are important for the 'wood production oriented' management, the vertical structure of forest (e.g. Mac Arthur and Mac Arthur 1961) and the amount of decayed wood (Kouki 1993) are seen important for 'biodiversity preservation oriented' management. Therefore the habitat patch mosaic determined based on features of geocomponent should be specified by the existence, composition and structural diversity of the vegetation layers including dead wood.
In many respect, the two approaches to divide forest patches, i.e. 'wood production oriented' and 'biodiversity preservation oriented' approaches, are overlapping. However, regardless of the basis of defining patches, a landscape does not include only a single patch mosaic, but contains a hierarchy of patch mosaic across the range of scales (Wiens 1989, Wiens and Milne 1989) . Therefore, it is presumable that coarse 'wood production oriented' patch division includes great variation of 'biodiversity preservation oriented' patches. This study investigates the relationships between the spatial variation of the chosen variables depicting the forest habitat components and forest compartment division conducted by the traditional methods of Finnish forestry.
Material and Methods

Study Area
The 98 ha area of the northernmost part of Koli National Park, Finland, was chosen as the test area (Fig. 2) . By the features of vegetation, Koli National Park belongs into the mid-boreal Pohjanmaa-Kainuu district, which is a unit in the Finnish vegetation geographical division (Hakalisto 1989) . The sites of Koli National Park are characterized by hills with a relatively good level of fertility and consequently an interesting set of vegetation. In these kinds of areas, the vegetation is exceptionally rich, including many species, which require a specified environment for their existence. The great variation in topography and vegetation offers a good basis for comparisons between the forest patches defined by 'wood production oriented' and 'biodiversity preservation oriented' approaches.
Method for Determination of the 'Wood Production Oriented' Forest Patch Mosaic
In 'wood production oriented' approach, forests in Finland are preliminarily divided into compartments by using visual interpretation of false colour aerial photographs. This division is ad- justed in the field during the compartmentwise forest inventory. Interpretation of the aerial photographs gives information of the dominating vegetation cover and conifer-broadleaved relationship in tree species composition. During the field work the forest compartment division is elaborated by variables such as forest type (Cajander 1926) , mean basal area and diameter of the relascope sample median tree. The test area included 63 forest compartments determined by the traditional methods of Finnish forestry (Fig. 2 ).
Method for Determination of the 'Biodiversity Preservation Oriented' Forest Patch Mosaic
In 'biodiversity preservation oriented' approach of this study the spatial distribution of the habitat components, i.e. a chosen set of variables depicting the edaphic features and vegetation (Table  1) , was estimated with the spatial interpolation based on systematically located sample plots. After interpolation patches of forest habitat components were divided according to highest pro- portion of existence, measurement units or subjective rules (Table 2) .
Habitat Component Inventory Frame
To capture the small scale spatial variation of the chosen variables the assessment has to be made from systematically located sample plots. Because this study examined particularly the small scale variation of the forest habitat components within 'wood production oriented' forest compartments, the systematic sample was taken within each forest compartment determined by 'wood production oriented' approach. Nine sample plots were located along the longest diameter of the compartment and along the perpendicular diameter towards the longest diameter. The first and last sample plot on both diameters were located 20 m from the compartment boundary and the additional plots were located half way between the center plot and plots closest to boundaries (Fig. 3) . The shape of the compartment also determines the number of sample plots assessed because no intersections of the sample plots were allowed. Therefore, if the sample plots were located closer than 20 m to each other, the latter plot would not be measured. Also, if the shape of the compartment was very unregular, an additional diameter could be added to achieve more complete cover of the whole forest compartment (See Fig. 4 ). Following these rules, the planning area was covered with a continuous sample plot network including 363 sample plots (Fig. 4) .
Habitat Component Measurements
When a forest structure is assessed for depicting the potential biodiversity of forest, all existing vegetation layers have to be sampled with an equal weight (Uuttera et ai. 1996) . Therefore, the sample plots in this study are determined to have a fixed radius. The size of the sample plot has to be large enough to represent the whole vegetation association typical for the site (Sukatsev 1960) . In this study the sample plot size was determined as 300 m 2 (radius 9.77 m). The assessment of the properties of the edaphical factors of the forest habitat was made from the center point of the sample plot. Field and bush vegetation layers were assessed with two 10 m 2 sample plots within the original plot. Tree layers were assessed from the whole area of 300 m 2 (Fig. 3) . The criteria used for an edaphic component were: 1) Forest site type classification (Cajander 1926) , 2) Quality of the mineral soil layer, 3) Quality/quantity of the humus layer, and 4) Location of the site in relation to microtopography ( Table 1 ). The biocomponent of the forest habitat was determined on the basis of existence and composition of the vegetation layers. The layers of forest vegetation were divided in this study into six (6) basic levels: 1) Emergent tree layer, 2) Dominant tree layer, 3) Under storey, 4) Bush layer, 5) Field layer and 6) Dead and decaying standing trees and trees of the same category on the ground (Table 1) . The field layer includes all vegetation from the height of 20 cm to 50 cm, woody species and the actual field layer species being assessed separately. The bush layer includes vegetation from the height of 50 cm to 150 cm. The bush layer includes also all Common junipers (Juniperus communis) and willows (Salicaceae sp.), even if they exceed 150 cm, except for sallow (Salix caprea), crack willow (Salix fragilis) and bay willow (Salix pentandra), which can grow to the tree layer. The existence of the field and bush layer was determined by the coverage of the layer ( The level of decomposition. In the decaying wood four continual succession stages of the existing invertebrate species can be recognized (Ehnström and Walden 1986) . Mean diameter of the dominating tree layer / MEANDD cm Mean height of the dominating tree layer / MEANHD m Heightvariation of the dominating m tree layer / HEIGHTVARD Proportion of the deciduous tree 10 % classes species in dominating tree layer / DECD Proportion of the coniferous tree species 10 % classes in dominating tree layer / COND Coverage of the dominating tree layer / COVD 10 % classes Number of stems in emergent tree layer / NSEMER ha" 1 Proportion of the deciduous species 10 % classes in emergent tree layer / DECE Coverage of the emergent tree layer / COVE 10 % classes Proportion of the deciduous species 10 % classes in dead biomass / DECDEAD Proportion of the coniferous species 10 % classes in dead biomass / CONDEAD The amount of dead biomass / DEAD VOL m 3 ha" 1 Level of the decomposition / DECOMP four (4) classes
Interpolation of the Habitat Component Values
The values of the variables depicting habitat components were spatially interpolated to cover the whole planning area. The variables with discrete values were interpolated as a probability for existence for each value of the discrete variable. Kriging-method (Matheron 1963 ) can be considered the best alternative for interpolating the values of habitat component variables. From the interpolation methods, kriging makes the most benefit of the whole data measured from the area (Ripley 1981) . In kriging, the spatial variation of different variables is first modelled from the original data and it can vary within the area. From the correlations of residuals of this model, the optimal weight for the sample plot in relation to distance can be determined (Burrough 1986 ). In smoothing the residuals, the weights of data points in clusters are automatically reduced. Also the radius, within which the component autocorrelates can be determined by the original data, which makes the interpolation more accurate. One of the most important features of kriging is that it provides estimates for the error variance at different parts of the surface (Ripley 1981) .
Kriging method includes two steps. Firstly, the spatial structure of the original data is analysed. For this, a variogram, calculated from the data, is used. After this, a model is fitted to the semi variogram. The semivariogram is a method for measuring, presenting and modelling the variation between spatial objects (Matheron 1963) . It is a two-dimensional semivariance of spatial variable describing the covariance at a given distance. Generally used models for smoothing the semivariances are linear, spherical, exponential, Gaussian and circular models (Cressie 1991) . The second phase of the kriging is the interpolation of the estimated value for each point in the grid with a function (Bonham-Carter 1994):
(1) where n = number of sample plots within the search radius wi = distance dependent weight for sample plot i H = observed value of sample plot i
The accuracy of the interpolation was examined by the statistics of the variable estimates and variances given by the method for the whole test area. This gives us an estimation of the possible existing error variance 'peaks' within the interpolated area. Also twenty (20) randomly located test sample plots were measured, and the means and root mean square errors of the biases of the variable estimates on these test sample plots are presented.
Forest Patch Mosaic Comparisons
In order to form a 'biodiversity preservation oriented' habitat component patch mosaic, the interpolated continuous values of the chosen variables were classified with subjective rules following either the classes of the measurement or alternative feasible rules ( Table 2 ). The classes were made rather strict so as not to deviate the information about the variation. The variables with discrete values were classified according to the probability of existence. The area unit (10 m x 10 m) represented a discrete value with the highest probability of existence. The accuracy of classification of the interpolated values of variables was also investigated by using the test sample plots (20).
The formed 'biodiversity preservation oriented' habitat component polygons were compared to the 'wood production oriented' forest compartment division using standard tools of Geographic Information Systems. 
FT
The highest probability of existence QM The highest probability of existence TH The highest probability of existence QH The highest probability of existence SLOPE Relative steepness 1) < 15 %, 2) > 15 % 
Results
As can be expected, some of the chosen habitat component variables are somewhat poorly predictable (Tables 3 and 4 ). The low accuracy of the predicted values are caused either by the small number of sample plots or low autocorrelation of the variable values between the sample plots. The error variances of the discrete habitat component estimators, such as 'Forest type' and 'Quality of mineral soil', given by the models are quite high (Table 3) . From the habitat component variables with continuous values, for example the volume of dead wood gets a high error variance of the predicted values. This was expected, even if the features of the physical conditions and the nature of damages may cause spatial autocorrelation of this variable. However, the classification rules for habitat component patch formation (Table 2) , made before the final comparisons, evens out these errors caused by the sparse sample or poor autocorrelation (Table  4) . Even so, we must examine the values predicted from sparse data with caution. The models themselves act reliably, because there are no 'peaks' in the variances given by the models within the test area, and the standard deviation of the variances of the estimators are low ( Table Table 3 3). On average the mean of the standard deviation of the estimator variances is 15 % of the mean variance. The variation of the habitat component values within each 'wood production oriented' forest compartments is notable (Table 5) . Even if the averaging of the sub-plot values (Fig. 3) may decrease the variation, the range of the discrete habitat component existence within one 'wood production oriented' forest compartment can differ from all but non-existence of the component to a dominating feature. The same applies to components with a continuous measurement units. The standard deviation of the habitat component values within a forest compartment exceeds in nearly every case 50 % of the mean value of the component.
To investigate the relationship between 'biodiversity preservation oriented' forest habitat components and 'wood production oriented' forest compartment division, habitat component patches were formed. On average the mean size of the patches formed from the variables depicting forest habitat components exceeds the mean size of the forest compartments (Table 6 ). The habitat component patches are large enough to be considered as operative units in forestry. Also, in most cases the form of the habitat component patches is less complicated than the form of the 'wood production oriented' forest compartments (Table 6 ). The relationship between patch perimeter and patch area of habitat component patches is greater than in the 'wood production oriented' forest compartment division only with components Number of stems in understorey, Proportion of deciduous tree species in understorey, Number of stems in dominating tree layer, Proportion of the deciduous tree species in dominating tree layer, and Proportion of the coniferous tree species in dominating tree layer. These components were also among the variables having the most variation within the test area (Tables 3 and  5 ) and also the average patch sizes of the habitat components are small (Table 6 ).
Even if the number of 'biodiversity preservation oriented' patches formed from the forest habitat components is reasonable, it is evident that the 'wood production oriented' forest compartment division does not correlate strongly with the division of the forest habitat component patch- es. This can be seen from the calculated variable R, which shows the average number of forest habitat component patches within one 'wood production oriented' forest compartment (Table 6 ). This variable gets its largest values with the habitat components which have the smallest patch sizes and greatest variation. However, in every case, if the forest habitat component variation was considered, the number of the forest compartments would have been at least doubled after the intersection.
The use of combinations of the chosen forest habitat component patch mosaics increases notably the variation of the habitat variation within 'wood production oriented' forest compartment. For example, the combination of the variables depicting the edaphic features of the forest habitat used in this study contain 512 patches for the test area with mean size of 0.2 ha. In this case one forest compartment represents 11.1 patches divided by forest habitat component variables. Naturally, some of these formed patches are not real patches, but caused by the small differences in the results of interpolation of correlated variables. Partly, because of this problem the results of habitat component combinations are not presented.
Discussion
The results of this comparison are highly affected by the quality of the patch division in both of the approaches, i.e. 'biodiversity preservation oriented' and 'wood production oriented' approaches. When applying the traditional forest compartment determination method used in Finnish forestry, i.e. aerial photograph interpretation and field inventory, there is a possibility to get a different compartment division depending on the person doing the work. This is the case particularly in forest areas like Koli National Park, which includes a great amount of variation in vegetation. However, in productive forests on average, where the boundaries of compartments (cf. age classes and dominating tree species) are clear due to the management history, the variation of 'wood production oriented' forest compartment divisions can be assumed to be rather small. In this case study, the 'wood production oriented' compartment division was made in finer scale than on average in productive forests. The mean 'wood production oriented' compartment size of the test area was 1.5 ha, when it is on average 2-3 ha in privately owned forests and 5-6 ha in the forests owned by the state or forest companies. Because of the extraordinary features of edaphic factors and vegetation of the test area of Koli National Park, and because of the fine scaled 'wood production oriented' forest compartment division, the results may not be generally applicable in productive forests of the region.
The determination of the boundary values of different habitat component classes is always a subjective decision. A holistic knowledge of the impact of changes in the geo-and biocomponents of a forest habitat on the ecosystem processes and forest biodiversity will not be available in the near future. Therefore, these ecological unit boundaries reflect the geographic limits to which 'type' concepts can be consistently applied (Carpenter et al. 1995) . They are wider for units delineated at regional scales and become more precise at local scales where a greater amount of detail is perceptible. In this study the limits of forest habitat component classes were kept tight. Class boundaries were either the measurement classes or the dominance of the component (discrete values), or more subjective limits determined using the information about forest ecology (dominance vs. suppression, crown closure), or using the known variation of the component values in the original data. Therefore, the sensitivity analysis of the effect of changes in boundary values on habitat component patch mosaic would not have brought much further information in this particular data.
On average the mean size of the patches formed of the forest habitat components exceeded the mean size of 'wood production oriented' forest compartments. However, this may be caused by the patches being formed by the classification rule 'no existence of the variable'. This is the case with variables like Coverage of the bush layer and Coverage of the emergent tree layer. Another reason for large habitat component patch sizes is that, for example, in the case of variable Quality of mineral soil, almost the whole test area is unsorted sand, i.e. sandy moraine. Of course, also the classification rules may cause a large maximum patch size, even if the class intervals are quite strict. This may be the case in patches of Height variation in understorey and Height variation in dominating tree layer. In contrast, the minimum size of the patches may also be decreased by the classification rules. If the variable values differ near the determined class boundary, even a low variation may cause several patches to be separated.
From a wood production point of view, a patch corresponds to a forest stand compartment. However, a stand compartment may not function as a patch from a particular organism's perspective. From an organism-centered perspective patches are dynamic and occur on various spatial and temporal scales (Wiens 1989, Wiens and Milne 1989) . A patch at any given scale has an internal structure that is a reflection of patchiness at finer scales, and the mosaic containing that patch has a structure that is determined by patchiness at broader scales (Kotliar and Wiens 1990) . Thus, to integrate the assessment of biodiversity into forest management planning, there is a need to revise the traditional approach and observe the area regardless of the 'wood production oriented' forest compartment mosaic of the practical forestry. When the actual operations are planned, the variation within 'wood production oriented' forest compartments should be taken into account when determining the operational forest compartment (different from the management planning unit) and intensity or methods of the treatment.
In addition to the determination of the operational compartments, the approach of the combined variables depicting forest habitat components could be used for finding the small scaled key biotopes within a forest area. This would save the costs of the field work. However, it is not possible to use intensive field inventory data for this purpose, but the same approach could be applied with the existing data of forest inventories, digital elevation models, digital soil maps, aerial photographs and satellite images.
